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Definitions of Acronyms, Important Terms, and Units

Acronyms

GBNNPSS: Great Bay Nitrogen Non-Point Source Study
TN: Total Nitrogen

NLM: Nitrogen Loading Model

ELM: Estuarine Loading Model

WWTF: Municipal Wastewater Treatment Facility
HUC12: 12-Digit Hydrologic Unit Code watershed

DES: New Hampshire Department of Environmentalises
PREP: Piscataqua Region Estuaries Partnership
USEPA: U.S. Environmental Protection Agency

USDA: U.S. Department of Agriculture

USGS: U.S. Geological Survey

Important Terms

Estuary: An estuary is a partially enclosed bodwaferalong the coastavhere
freshwater from rivers and streams meets‘and mixéssalt water from the
ocean.

Great Bay Estuary: The body of water beginnindnatdonfluence of the Piscataqua
River with the Atlantic Ocean and extending to tiead-of-tide dams on
Winnicut, Squamscott, Lamprey, Oyster, Bellamy; Ig@o Salmon Falls, and
Great Works Rivers. The Great Bay Estuary covepsaqimately 13,440 acres
(21 square miles).

Hampton-Seabrogk Estuary: The body of water begmat confluence of the Hampton
River with the“Atlantic/Ocean and extending to liead-of-tide on the Taylor,
Blackwater, Browns,and Hampton Falls Rivers. Haenpton-Seabrook Harbor
Estuary covers approximately 1,227 acres (1.9 squées).

Airshed: An airshed isha geographic area wherpdiutants from sources "upstream” or
within the areaflow and‘arerpresent in the aiirstdeds cross county, state, and
natienal boundaries.

Watershed: A watershed is the area of land whédd Hie water that drains off of it goes
into the same water body. Watersheds come ihafless and sizes. They cross
county, state, and national boundaries.

Great Bay Estuary Watershed: The area of land wdlkod the water that drains off of it
goes into the Great Bay Estuary. The Great Baydegtwatershed covers
approximately 655,189 acres (1,023 square miles).

Piscataqua Region Watershed: The area of land vatlesethe water that drains off of it
goes into either the Great Bay Estuary, Hamptorb®ek Estuary or directly in
to the Atlantic Ocean along New Hampshire's codste Piscataqua Region
watershed covers approximately 695,037 acres (ksG8&re miles).

HUC12 Subwatershed: A small watershed coveringgllyi 10,000 to 40,000 acres. The
USGS has assigned Hydrologic Unit Codes (HUC) fiota 12 digits long to
watersheds across the country. A HUC12 subwaterisitée smallest watersheds
in the USGS system and is denoted with a 12-dagiec
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Atmospheric Deposition: The process by which aytalit in the atmosphere falls to the
land or surface waters through either wet or diyodéion. Wet deposition occurs
when the pollutant is contained in rain or snowy Beposition occurs when the
pollutant is attached to aerosols that fall togheh.

Chemical Fertilizer: Any of a large number of orgaand synthetic materials, spread on
or worked into soil to increase its capacity togsan plant growth.

Managed Turf: Grass that is actively managed ferassgolf courses, parks and sports
fields.

Connected Impervious Area (CIA): Impervious surafrem which runoff flows directly
into municipal storm sewers and surface watersouitlany opportunity to
infiltrate. Also known as Directly Connected Impews Area or Effective
Impervious Area.

Disconnected Impervious Area (DIA): Impervious suds fromywhich runoff flows onto
lawn or natural vegetation areas where it cantiafi.

Septic System: An on-site wastewater treatmenesysghat typically eonsists of a
settling tank and a leach field to treat and infEaage into the ground. Septic
systems are typically used for residenees in rangés.

Wastewater Treatment Facility: A facility that tt@avastewater from municipal sewer
systems in urban areas.

Delivered Load: The amount of a pollutant (e.gragén)that is delivered from a
watershed to the estuary. Thexdelivered loadasmitial load that enters a
watershed minus the amountof theypollutant thitssdaring transport to the
estuary.

Units

Ib/yr or Ib N/yr: Pounds (of nitrogen) per year

Ib/ac or Ib N/ac: Pounds(or nitregen) per acre

Ib/aclyr or lbsN/aelyr: Pounds (of nitrogen) pereaper year

Ib/1000 ffor Ib N/1000. ft: Pounds (of nitrogen) per one thousand square feet
tons N/ac: Tons (of nitrogen) penacre

Acrés/home: Acres per hoeme
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Executive Summary

The Great Bay Estuary is 21 square miles of tidztens located in southeastern New Hampshire.
It is one of 28 “estuaries of national significahestablished under the Environmental Protection
Agency’s National Estuary Program. In 2009, mdshis estuary was placed on New
Hampshire’s 303(d) list for impairments associatéth total nitrogen (hereafter “nitrogen”).
Specifically, low dissolved oxygen, macroalgae bigpand declining eelgrass habitat have been
observed in the estuary (DES, 2012).

Sixty-eight percent of the nitrogen that ends ufhanGreat Bay Estdary.originates from sources
spread across the watershed rather than diredtadiges from point sources, such as municipal
wastewater treatment facilities (DES, 2010; PRER32. These sources of nitrogen are called
non-point sources and consist of atmospheric deposfertilizers, human waste disposed into
septic systems, and animal waste. The purposeso$tudy iSto determine how much nitrogen
each non-point source type contributes to the ggtili&ie nitrogen loads from municipal
wastewater treatment facilities have been rep@itsgivhere (DES, 2010; PREP, 2013) and,
therefore, are not included in this study excegrtavide context.

The model used in this study is the Nitrogen Logditodelyas originally published in Valiela et
al. (1997). The default Nitrogen Loading Modektks nitrogen inputs from atmospheric
deposition, chemical fertilizers, and human wastelthrged through septic systems. These
sources are then routed through surface watergrauthdwater to the’estuary as a delivered load
of nitrogen. The model was customized'for thislgthy. adding apimal waste as an additional
source of nitrogen and incorporating a stormwateéidse water.transport pathway. Local data on
atmospheric deposition rates;.septic systemsgeordational fields were developed as inputs to
the model. The model@utputwas found to matchl firreasurements of non-point source
nitrogen loads fromeight watersheds within thatretly small model uncertainty of +/-13%.

For the watershed draining'to the Great Bay Estiubheymodel predicted a non-point source
nitrogen loadiof'900.tons per year (+/-100 tons/ifis estimate corresponds well with the most
recent field measurement of nen=point source 188& tons/yr) (PREP, 2013). The breakdown of
nitrogen non-point sources fromthe,model of dethddoads to the estuary is:
¢ “Atmospheric Depasition — 33% (280 +/-40 tons/yQut-of-state sources account for
62% of this source.
* Human Waste — 27% (240 +/-30 tons/yr) — This lsaeXclusively from septic systems
because loads from wastewater treatment facilitex® not considered in this study.
(The nitrogenyload to the estuary from wastewatstinent facilities was 390 tons/yr in
2009-2011 (PRREP, 2013). The combined contributiomitrogen from human waste is
240 + 390, or 630 tons/yr).
e Chemical Fertilizer — 27% (230 +/-30 tons/yr) — lresnand agricultural areas each
contributed 48% of this load. Recreational fieldsr&responsible for 4%.
* Animal Waste - 13% (110 +/-10 tons/yr) — Livest@acounted for 80% of this load.
Only a small fraction of the load was from pet weast

Nitrogen loads were also modeled for individualwatersheds and towns in the study area to
identify “hot spots” of non-point source pollutiofhese results may be useful for towns or
watershed groups for prioritizing nitrogen reduetedforts or as a starting point for more detailed
studies of non-point sources. However, more detaileentories of non-point sources will be
needed to track the effects of nitrogen reductitorts in smaller areas.
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Figure ES: Summary of Non-Point Source Nitrogen Loasd to the Great Bay Estuary

DES Great Bay

From ; ;
Nitrogen Non-Point
PREP (2013) Source Study
AN
—
Wastewater Human Waste,
Treatment
Facilities ,
390 tons/yr [
i tosplietic Deposgion
32% . _ 1280240 tons/yr |

Non-Point - 33%
Sources —
835 tons/yr
68%

Total Load Non-Point Source Load
1,225 Tons/yr 900 +100 tons/yr

Non-Point Source Load Delivered by Sormwater = 26%



Great Bay Nitrogen Non-Point Source Study
DRAFT (May 16, 2013)
Page 1

l. Introduction

The Great Bay Estuary is 21 square miles of tidetens located in southeastern New
Hampshire. Itis one of 28 “estuaries of natiagighificance” established under the
Environmental Protection Agency’s National EstuBrggram. In 2009, most of this
estuary was placed on New Hampshire’s 303(d)distrhpairments associated with total
nitrogen (hereafter “nitrogen”). Specifically, ladissolved oxygen, macroalgae blooms,
and declining eelgrass habitat have been obsemvit iestuary (DES, 2012).

Sixty-eight percent of the nitrogen that ends uthenGreat Bay Estuary originates from
sources spread across the watershed rather thatnsparces such as municipal
wastewater treatment facilities (DES, 2010; PRER32. Thesesources of nitrogen are
called non-point sources and consist of atmospladeposition, fertilizers, human waste
disposed into septic systems, and animal waste. plhpose of this'study is to determine
how much nitrogen each non-point source type doumtes to the estuarys The nitrogen
loads from municipal wastewater treatment facsitrave been reported-elsewhere (DES,
2010; PREP, 2012; PREP, 2013) and, therefore,ar@eluded in this study except to
provide context.

[l. Methods

a. Study Area

The focus of this study is the watershed draintinthe Great Bay Estuary. This
watershed is in the Piscatagua Region which cdv@&6 square miles and parts of 61
municipalities in the states of New Hampshire, Maiand Massachusetts in the
northeastern U.S.A. The watershed for.the GreatBdayary covers most of the
Piscataqua Region (1,023'square miles). The rentpariea drains to the Hampton-
Seabr@ok Estuary or directly to'the Atlantic Ocean.

In this study, the full Piscataqua Region watershiad split into smaller subwatersheds
for three purpeses. First, the watersheds ofitjie enajor tributaries draining to the
Great Bay Estuary were /delineated so that measitreden loads from these tributaries
could be used toverifysthe model output. Sectmelfull watershed was divided into the
40 subwatersheds (the most current HUC12 boundaeesdefinitions on page ii) to
look for “hot spots™of non-point source nitrogeading. Third, the study area was
divided by the political boundaries of the 61 muypadities in New Hampshire, Maine,
and Massachusetts so that town-wide nitrogen loadkl be calculated. Overall, the
intersections of these three boundaries split theaaqua Region into 215 small study
areas for modeling purposes (Figure 1).

b. Types of Nitrogen Included in the Study

Nitrogen is the most abundant gas in the atmospltasenon-reactive in its gaseous
form. The only natural processes that convertm@active nitrogen to reactive nitrogen
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are biological nitrogen fixation by specialized noiges associated with plants and, to a
lesser extent, high temperature events, such la®iigy. As a result, prior to human
development, reactive nitrogen was scarce in nladgsystems, with production of
reactive nitrogen balanced by the natural procetssgonverted reactive nitrogen back
to non-reactive nitrogen (Galloway et al., 2003).

For over one hundred years, human activities hagéyincreased the production of
reactive nitrogen, with the greatest increasesrmicgusince 1960, mirroring the trend of
increasing population. Reactive nitrogen produrcti@s accelerated by the manufacture
of chemical fertilizer, the combustion of fossikfs, and the cultivation of certain crops
that biologically fix nitrogen from the atmospher@lobally, these*human activities have
increased the reactive nitrogen production fronbili®n podnds per year in 1860 to 364
billion pounds per year in 2000. The amount ottiea nitrogen,created for chemical
fertilizers was greater than all the other souczeabined (Galloway et al., 2003).

For the Piscataqua Region watershed, this stédytijea the imports:and exports of
reactive nitrogen created or enhanced by humaniteesiyThe specific SQurees of
anthropogenic nitrogen considered are: depositigntmgen, from the atmosphere
(largely from pollution), application of chemicarfilizers, human waste disposed
through septic systems, and animal waste. Reauitiggen from fossil fuel combustion
for power generation or automobiles enters the risheglinithe form of air pollution that
settles onto the land surface. Reactive nitregem themicalfertilizers can be imported
to the study area either through fertilizer impalitectly (e.g. chemical fertilizers) or
through imports of food and feed that were@rovaewhere (e.g. crops imported from
outside the watershed). Animal waste contain®@gén that was imported as animal
feed. Nitrogen in imported food is converted to lammvaste which is either sent to a
municipal wastewatertreatment facility or an_indual septic system. Nitrogen loads to
the estuary from wastewater treatment facilitiesehaeen quantified in previous reports
(DES, 20104PREP, 2012; PREP,2013): Therefore stiidy will focus on nitrogen
loads to.the estuary from nen=point sources.

Nataral seurces of nitragen to the study area gpeated to be small compared to the
anthropogenic sources. Nitrogen can be fixed floenattmosphere by certain plant-
microbe combinations in forests and in row cropshsas alfalfa. However, Boyer et al.
(2002) and Driscell et al: (2003) have reported th@ogen fixation by forests and crops
in the Northeast ameunts to less than 10% of thported nitrogen. Fixation by row
crops is an agricultural process, not a naturatgss, because these crops are specifically
cultivated by humans and would not exist in largargities otherwise. Animal waste
from wildlife is often thought to be a significasturce of nutrients. However, wildlife in
the watershed typically eat locally-grown food sms: Animal waste from wildlife is not
a new source of nitrogen to the watershed but rahecycling of nitrogen within the
system. Therefore, it is expected that the nitrogare in the study area is dominated by
anthropogenic sources. The effects of natural &sun€ nitrogen on loads to the estuary
are expected to be small and variable and accodotedthin the uncertainty range (+/-
13%) of the model. Comparisons between currentl@ackground’ or ‘natural’ nitrogen
loads were used to verify this assumption.
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Figure 1: The Piscataqua Region Divided into the 21Small Study Areas
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c. Nitrogen Loading Model

The model used for this study is the Nitrogen Logdviodel (NLM) as originally
published in Valiela et al. (1997). The NLM haswaately predicted nitrogen loads in
Waquoit Bay, Massachusetts (Valiela et al., 20B@ynegat Bay, New Jersey (Bowen et
al., 2007), and in 74 small embayments in southesw England (Latimer and
Charpentier, 2010). The model output is an anavatage nitrogen load. The model
does not predict how non-point source nitrogensaady change over the course of a
year or during a particular weather event.

Inputs of Non-Point Source Nitrogen

The default NLM tracks nitrogen inputs from humativaties fromithree major sources:
(1) atmospheric deposition; (2) chemical fertilzeand.(3) humanwaste. For this study,
animal waste has been added to the model as arsathere of nitrogen.\Valiela et al.
(1997) considered this factor originally butdeeidieat it'would be negligible’in the
small Waquoit Bay watershed. However, for theslaRjscataqua Region watershed
animal waste may be important. Figure 2 and Fi@uasee simplified and detailed
outlines of the model used for this,study, respebfi

Atmospheric deposition rates for the modehweretakom measurements in the study
area in 2009. In addition, the DES AirlResourcesadion used a regional dispersion
model to estimate how much of the nitregen in aphesic deposition comes from
sources outside of New Hampshire and from diffesenirce categories (e.g., mobile
sources, power generation, etc.). Appendix A costaisummary of the methods used
for the air dispersion modeling and an analysisaf the deposition rate is expected to
change over the next 10 years:

The model handles nitrogen from atmospheric deipositifferently depending on the
type of land use on whieh it fallsaLand use dateecing the entire study area was
obtained from the NOAA Coastal Change Analysis Pang2006 data layer (Landsat
TM, 30-meter resolution Impefvious surface data for the study aredibt02was
obtained fromthe University of New Hampshire (LsadTM, 30-meter resolutién

While more detalled land use and impervious coataskts are available for some parts
of the study area, only’ones that covered theeeatia were used. These datasets were
used to estimate Connected Impervious Area ancdBisrted Impervious Area in each
study area following the approach from Sutherlat@96Y. The area of natural

vegetation and surface waters in each study areaal®o estimated from these datasets.

! http://www.csc.noaa.gov/crs/ica/northeast.html

2 http://www.granit.unh.edu/data/datacat/pages/atiagterv10.pdf

% The Nitrogen Loading Model tracks nitrogen loaudstf two different types of impervious surfaces: (1)
roofs and driveways and (2) roads, runways, anchoertial areas. Runoff from roofs and driveways is
presumed to flow “onto adjoining turf, where thare losses of nitrogen.” Runoff from roads, runways,
and commercial areas “largely flows into gutterd drains, and accumulates in catch basins”. (\ék¢!
al., 1997) These two types of impervious surfaiahéd current definitions of “disconnected impews
area” (DIA) and “connected impervious area” (CIA).
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Appendix B provides detail on the methods useddiod use calculations. Agricultural
lands, managed turf areas, and lawn area wereastinseparately and are discussed
below.

The area of different agricultural crops in thedstarea was estimated from the USDA
National Agricultural Statistics Service Croplandt® Layer for 2011 (Landsat TM, 30-
meter resolutiof). The expected fertilizer application ratesdiferent crops were
obtained from the USDA National Agricultural Stétis Service using data for New

York as a surrogate for New Hampshire. New York wir@sclosest state to the study area
for which data were reported. Agricultural expet$JNH Cooperative Extension were
also consulted regarding fertilizer applicationgsaparticulary forhay and pasture
fields. Details of the methods used to estimatecatjural lands and fertilizer application
rates are provided in Appendix C.

Golf courses, ball fields, and parks all have laaggasiof managed turf. The total area of
managed turf in the study areas was determinedéntitying all of these fields and
delineating their boundaries using computer mappoftware and aerial imagery from
2010-2012 with 1-foot or 1-meter resolution. Golf courses! drall fields, relatively

large features, were easily identified using thagery:The fertilizer application rate for
each field was obtained through a,survey of the@® responsible for managing the
fields. The survey had a 48% response. rate. Avdeagkzation rates from the survey
responses were used for the fields for which, theesuwas noti€ompleted. Details of the
process used to delineate the boundaries of thagearturf areas and the survey are
provided in Appendix D.

The area of lawns in the study area was estimatephéntifying lawn coverage in
randomly selected areas and extrapolating thetsetsuthe rest of the watershed. In 80
randomly selected areasywith hemogeneous landhes¢ptal coverage of lawn was
digitized usingraerial imagery (as described abole¢se data was used to estimate the
averagegpercent of each developed land use claiswds covered by residential lawns.
The total area of lawns was estimated by multigftimese percentages by the area
covéered by each land use class: Fertilizer apmicattes for lawns and the percent of
lawns that are fertilized in any given year weteetafrom the literature. Appendix E
contains detaills of the methods used to estimate &ea and fertilization rates.

Animal waste was estimated by creating an invendbipriority livestock and pets and
using the per animal nitrogen excretion rates fBwyer et al. (2002). Cows, horses,
dogs, and cats were identified as priority aninbalsed on the animal totals for the four
counties in the study area from the 2007 USDA Cea$Agriculture. These four
species accounted for 96% of the nitrogen in anzate. The number of these animals
in each town in the study area was obtained frarStiate Department of Agriculture,
State Veterinarian, individual farms, town cler&ad formulas from the American

* http://www.nass.usda.gov/research/Cropland/metadatadata_nh11.htm

® Imagery for New Hampshire and Massachusetts areas
http://www.granit.unh.edu/resourcelibrary/specipits/2010aerialphotography/index.htrithagery for
Maine areasttp://geolibportal.usm.maine.edu/geonetwork/srinertadata.show?id=926
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Veterinary Medical Association. Watershed inputsrfrpet waste were estimated after
taking into account expected rates of pet waste by owners reported in the
literature. Details of the methods for estimateiinah waste inputs are provided in
Appendix F.

Human waste inputs through septic systems wemnatsd by determining the percent of
the population in each census block that was needeoy municipal sewer networks.

The remaining population was assumed to use sgptems for waste disposal. The
sewered population was determined based on prewiotsby the USGS Water Demand
Model for New Hampshire (Hayes and Horn, 2009), snafssewer lines, and

consultation with public works officials. The nurmlzé peoplefresiding in each census
block was obtained from the 2010 U.S. Census. [pacton‘was assumed to excrete 10.6
pounds of nitrogen per year (Valiela et al., 19%fpendix G contains the details of
methods used to determine the number of peopleus@septic'systems for waste
disposal in the study area.

All of the input datasets were collected betweeds2ind\2012, with mostibetween 2010
and 2012. The atmospheric deposition rates am@fep® 2009, a year which
experienced rainfall and hydrologic conditions twate typical for New England and,
therefore, consistent with the model assumptid®snseguently, the modeled time
period for this study most closely represents dios in2009.

Transport Pathways

Within the Nitrogen LeadingsModel, the nitrogen ionfed from the sources described
above is applied todifferentitypes of land usetltersubsurface through septic systems)
and transported 40 the,estuary through a greundwatbway. A large fraction of the
nitrogen that enters the watershed from these ssusgermanently removed by
denitrificationstognitrogen'gas. The remaindettad imported nitrogen is delivered from
the watershed totheestuary.'See Appendix H faildeof the delivery factors for the
groundwater transport pathways:

In the Great\Bay Estuary waterShed much of thegen will follow the groundwater
pathways per the default NLM. However, the soilthia Great Bay Watershed are not as
sandy as those on Cape Cod. Some of the nitrogeieapo the land surface will be
carried directly into surface waters by stormwatgroff. Therefore, a stormwater/surface
water transport pathway was added to customizélti\ for conditions in the Great

Bay Estuary. The Components of this pathway are:

» Connected Impervious Area: Connected ImperviousAyenerates stormwater
runoff that is carried directly into the stormwatkainage system and then
discharged directly to surface waters. One hungezdent of the nitrogen applied
to these areas was assumed to travel throughdirawsater/surface water
pathway.

* Lawn Area, Managed Turf, Agriculture, and Discorteddmpervious Area:

Most of the nitrogen applied to these land usekhailtransported by the default
groundwater pathway. However, some fraction ofrtitgen is expected to be
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transported to surface waters by stormwater rwwbén the infiltration capacity
of the soils is exceeded. After a review of thestfic literature and model
validation using measured loads, the fraction agsufor the model was 12%
(see details in Appendix H).

» Lake, River, and Estuary Areas: Nitrogen fallingrfr the atmosphere directly
onto surface waters does not pass through the dwaater pathway. One hundred
percent of the atmospheric deposition onto surfeeters was assumed to travel
through the surface water pathway.

» Delivery Factor: Some of the nitrogen in the sugfaater pathway will be lost
during transport. The Estuarine Loading Model (ELBIgompanion model to the
NLM from Valiela et al. (2004), was used to estintiese laesses. Essentially,
the ELM assumes the mean percent loss of nitragé&eshwater streams is 13%.
The delivery factors for the surface water path@eg/described in Appendix H.

In addition to the pure groundwater and stormwsiteface water pathways, nitrogen is
likely transported through a mixture of these gvadhpvays. Some nitrogen may initially
enter the groundwater and then dischargeo a oiviake, before reaching the estuary.
This combination pathway was too complicated to ehddowever, theffects of this
pathway are likely accounted for by the stormwateface water pathway.

Results Summary

Summary tables, figures, and discussion of thelteefar thewatershed draining to the
Great Bay Estuary as a whole are provided'in Se¢i@fthis report.

The model was also run for subwatersheds and towthe Piscataqua Region to provide
local information’to decision-makers. Theseyresaesprovided in the form of figures
and tables in Section V. 0of this repeort.

The authors of the moedel determined the variabiftthe model based on its input
paramieters to be 38% for individualapplicationd 8% on averade For this study,
the’‘NLM was run on multiple different study aredathwthe results summed, so the
average variability is the relevant target valug. $ummary graphics, the results were
expressed withyerror bars and were rounded toatime slecimal place as the error bars.
No rounding was performed on tables and figuresrdtian the summary graphics in
order to accommaodate review without introducingnawff errors. However, all model
results should be recognized to have an inhereggrtainty of +/-13%. Detailed methods
for this study are provided in appendices as showrable 1.

® Average of the two estimates of variability frormble 11 of Valiela et al. (1997).
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Table 1: List of Appendices Containing Detailed Methdologies for Nitrogen Import and Cycling

Source Land Use or Process Detailed Methods
Atmospheric Deposition Deposition on different larsk types Appendix A (deposition rate)
Appendix B through E (land use
Chemical Fertilizer Agricultural Lands Appendix C
Recreational Fields Appendix D
Lawns Appendix E
Animal Waste Manure on agricultural lands Appendix F
Pet waste on different land use types  Appendix F
Human Waste Septic systems endix G
Delivery Factors Transport pathways dix H
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Figure 2: Simplified Diagram of the Nitrogen LoadingModel for the Great Bay Nitrogen Non-Point Source fidy

Simplified Watershed Nitrogen L.oading Model for the
Great Bay Nitrogen Non-Point Source Study
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> - Treatment
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— Modeled pathway =~ = » Known pathway (but not modeled)
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Figure 3: Detailed Diagram of the Nitrogen LoadingModel for the Great Bay Nitrogen Non-Point Source gidy
Watershed Nitrogen Loading Model for the Great Bay Nitrogen Non-Point Source Study
Non-Point Sources of Nitrogen POINT
SOURCES
Animal Waste
Source
Atmospheric Deposition | ‘ Chemical Fertilizer | &—I_+ ------------------------- ;
Land Use Y mr‘L vy v 'lrl mL vy
Type Matural Agricultural Residential Managed Connected Disconnected Septic
Vegetation Lands Lawns Turf Impernvious Impernvious Systems
Areas’ Areas?
Transport Stormwater | | Groundwater
Pathway
Some nitrogen
s pemanently :
lost (denitrified) v
during transport Sewer
f_-l Surface Water (Lakes & Rivers} |< ..................................................................... - Treatment
Plants
L E
Export 4,| Estuary |<
Notes ) ) — Modeled pathway
1. Impervious areas that drain directly to a waterbody or directly through storm sewers to a waterbody.
2 Impernvious areas fram which runoff has a chance to infiltrate into the ground. Known pathway

(but not modeled)
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d. Model Validation

Input parameters for the model were researchedpthdo obtain the best-available,
local information to represent conditions in thedataqua Region. The chosen values
were validated by comparisons to other studiesisoie accuracy.

The model output was validated using measuremémisrogen loads from the eight
major tributaries to the Great Bay Estuary. PREFR) used the most recent monthly
data on nitrogen concentrations at the head-ofttidmlculate the total nitrogen load
from non-point sources in each of the eight majatersheds. The NLM was run for
these same watersheds. The model predictionstivemecomparechto the measured
loads to determine the accuracy of the model.

e. Quality Assurance

The model results were vetted by both interpalextdrnal review. An internal review
was conducted by DES technical staff to verifychkeulations and methods? An
external review was completed by Dr. Ivan Valigiahe Marine Biological Laboratory
at Woods Hole, MA.

f. Public Participation

DES developed two customized, geospatial datasethis study. The first was a
datalayer showing the percent of the papulatiosach census block that uses a septic
system for waste dispoesal. DES contacted eadteafunicipalities in the study area in
August 2011 with a draft of this datalayer.,DESepted comments from the
municipalities and revised the datalayer accorgii@ppendix G). The second datalayer
showed the boundaries of every ball field, golfrsey public parks, or other type of
managed, recreatien turfin the watershed. In @Bxt@011, DES mailed maps of the
managed turf boundaries tothe organization resplenfor maintaining them (e.g.,
munigipalities, schooldistricts, golf,Courses, et®ES accepted comments and revised
the'boundaries accordingly. DES also compiledltesdi a survey from the turf
managers regarding turffertilization practices gapdix D).

The final reportwas relgased for public commeotfiMay 16, 2013 through June 17,
2013. Comments'received by the due date havedueemarized and responded to in
Appendix I. [Note: Not yet completed]
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I1l. Results & Discussion

a. Validation of Model I nput Parameters

The accuracy of any model depends on having campat data. Each of the model input
variables for the NLM was researched in depth taiolthe best available and local
information to represent conditions in the PiscataRegion. The chosen values were
validated by comparisons to other studies to enscearacy.

The atmospheric deposition rate for 2009 was deteunto be 5.21\b/ac/yr based on
measurements at a site near the center of theshiatkéin 2009 (Thompson Farm in
Durham, NH). The chosen value was lower than tegipus estimate of 6.24 Ib/ac/yr in
2009 from Daley et al. (2010) because it takes agimount the increasing trend in the
wet-to-dry deposition ratio. The chosen value w@sdiemed by a regienal deposition
trending analysis that predicted a deposition@ate 79 Ib/ac/yr based on emissions data
for 2009. In addition, a regional air dispersiond®bwas ‘used to show that62% of the
all nitrogen deposition in the Piscataqua RegioBfmam/sources outside of New
Hampshire, 53% was from mobile sources, and 27%fwwas power generation. The
atmospheric deposition rate of nitregen is expetiedecline by one-third by 2020 as a
result of USEPA rules and programs regquiring eraisseductions.

Impervious surfaces were found to cover 10% oldhe area of the Piscataqua Region.
By using the approach from Sutherland (1995), & @estimated that approximately one
third of the impervious surfaces were Connectedelmipus Area which discharged
stormwater runoffdirectly to'surface waters. PRE®L3) reported that 9.6% of the
Piscataqua Region watershed was covered by impergiarfaces, which matches the
estimate in this report.

Agricultyural lands covered 39,226 acres or 6% efldnd area in the Piscataqua Region.
The largest crop was‘hay (88% ofithe agriculturehpfollowed by alfalfa (5%), and

corn (4%)» Fertilizer application rates ranged fréglb N/ac for corn to O Ib N/ac for
alfalfa, whichyis a nitrogen fixing crop. Ruddyagt (2006) reported county-level
estimates of farm fertilizer use for the Unitedt&saOn a per acre basis, the nitrogen
application rates in. 1998 reported by Ruddy et24106) were 21-33 Ib N/ac for Strafford
and Rockingham eounties. For comparison, the estiifarm fertilizer rates in 2011
from this study were 25-26 |b N/ac. Therefore,dpelication rates for this study were
within the range of reported rates for 1998 by Rueldal. (2006).

Recreational fields with managed turf covered 2,8@@s in the Piscataqua Region.
There were 22 golf courses, 102 school athletidgieand 103 town parks or fields.
Fertilizer application rates were obtained throaghanager survey for 48% of the fields.
The results showed that the average yearly festigpplication rate of nitrogen was 2.25
Ib N/1000 fEfor golf courses, 1.89 Ib N/100G for school fields, and 1.24 Ib N/1006 ft
for town fields. The application rates are repaitethe units typically used by
landscaping companies (pounds of nitrogen per 1sG0@re feet or Ib N/100C)t
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These average yearly application rates are consisith other published values and/or
recommendations. For example, Latimer and Charmref010) used a value of 2.36 Ib
N/1000 f¢ for recreational fields for a study of nitrogemdis to estuaries in southern
New England. The survey also found that the feddiarea of golf courses (fairways,
greens, tees) typically amounted to 42% of thd gl course size, and that 87% and
61% of school and town fields, respectively, wandilized in a given year. These
percentages were used to prorate the fertilizeliGgtipn rates for the model.

Residential lawns were estimated to cover 19,07&saa the Piscataqua Region (2.7%
of the watershed), which is an order of magnitudeerthan managed turf and more than
any other ‘crop’ besides hay. This finding matchesvious werk by, Milesi et al. (2005)
at the national level. The average lawn area irPikeataqua Region ranged from 0.05
acres/home for high density development areas3® &cres/home for open space areas.
This range of values appears to be credible bedabsckets the value of 0.12
acres/home published by Latimer and Charpentief@eBased on ayreview of the
literature, fertilizer use was estimated to ocaubd% of lawns in any. given year at a
rate of 2 Ib N/1000 ft For validation, the estimates of hitrogen fezéli usé,on

residential lawns and managed turf were comparathsigthe non-farm fertilizer use
reported for Strafford and Rockingham countiesua@® et al. (2006). The predicted
fertilizer use in 2006 matched thevalues from Buddhin 7% for both counties.

In the 2007-2012 time period, there were approxefye?,468 horses, 2,572 cows
(mostly dairy), 51,568 licensed dogs, ‘and 94,03%.icethe Piscataqua Region
watershed. These values are likely low estimatealme they are largely based on
surveys of commercialfarfifor horses and cows and official dog registratinits

town clerks. Some©f the feed and grass that endat animals is grown in the
watershed using’either. chemical fertilizer oratpihesic deposition as the source of
nutrients. Animal waste from lecally grown'feedparsture represents a recycling of
these nutrientspnot a new source. Thereforeetisehe potential for the animal waste
component of the:model to'double count some ohittegen already tracked as fertilizer
and atmospheric deposition. However, any doublatog that may exist in this
approachyis expected to be small relative to lasgarces (human waste, chemical
fertilizer, atmospheric deposition) and will be tally offset by low estimates of the total
livestock in the,watershed.

Slightly more than half'of the people in the Piagata Region watershed used septic
systems for waste disposal. The study showed #§648 of the 325,775 people (55%)

in the watershed lived outside municipal seweriserareas. Maps of sewered areas from
this study were checked by municipal officials forality assurance (see Appendix G).

" The USDA Agricultural Census covers “any place fashiich $1,000 or more of agricultural products
were produced and sold, or normally would have kssdah, during the census year.” Residential animals
are not included.
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b. Validation of Model Output

The output of the NLM was validated using measurgmef nitrogen loads from the
eight major tributaries to the Great Bay Estuaig\Fe 4 and Table 2). For watersheds
with upstream wastewater treatment facilities,|tiael from the facilities was subtracted
from the total load in order to isolate the nonAp@iource load to compare to the non-
point source model results. The graph on the fefigure 4 compares the measured and
modeled loads in units of pound per year. The gapthe right shows the same data but
normalized by watershed size and expressed asyielac/yr). The uncertainty in each
of the points is shown by error bars. Both graphgate good correspondence between
the model results and actual measurements. Thdastherror,of the regressions was 11-
12% of the mid-point of the datasets.

Accuracy and simplicity are often competing objeesifor modeling studies. Models
can always be made more accurate through.custaamiZait then they are more difficult
to explain and less transparent. Ultimately; m@adabuld be as simple‘asypossible to
achieve the objectives of the study. In ordenmtpriove thefit of the model, customized
nitrogen attenuation factors for each watershedavoé required. This change would
add significant complexity withoutycorrespondingntt relative to the overall

objectives of the study. Therefore, it was decidetito customize the model any further.
The model provides reasonably accurate predictbtise non-point source loads from
Great Bay watersheds within the expected accurat@%. However, the model may
lose accuracy at smaller scales unless'mare diiapet datasets are used.

Table 2: WWTF and Non-Point Source Nitrogen from Grea Bay Watersheds 2009-2011 (from
PREP, 2012)

Watershed TN Load* UpstreamZWWTF Non-Point Source | Modeled Non-Point

(Ib/yr) TN Load” (Ib/yr) TN Load (lb/yr) Source Load (Ib/yr)
Winnicut River 38,280 0 38,280 47,319
ExetersRiver 178,620 0 178,620 265,452
Lamprey River 352,600 8,240 344,340 309,225
Oyster River 41,760 0 41,760 71,954
Bellamy River 47,080 0 47,080 67,620
Cocheco River 538,020 287,540 250,480 303,187
Salmon Falls River 344,560 40,620 303,940 312,562
Great Works River 119,720 3,080 116,620 108,948

1. TN loads estimated using USGS software "LOADESThwiaiter quality data from the PREP Tidal Tributargritoring Program
and streamflow data from USGS.

2. The following wastewater treatment facilities (W) are located upstream of the tributary monitoringiosta. The Epping
WWTF is upstream of the Lamprey River station. The Retdr and Farmington WWTFs are upstream of the CodReer station.
The Milton, Berwick, Somersworth and Rollinsford W& are upstream of the Salmon Falls River station Nidith Berwick
WWTF is upstream of the Great Works River station. dastr WWTF loads were reduced using an attenuation lodslrto
estimate the delivered load to the estuary.
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Figure 4: Model Output Validation - Measured Watershed Loads and Yields vs. Model Predictions
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c. Model Output for the Great Bay Estuary Watershed

For the watershed draining to the Great Bay EstubeyNLM predicts a non-point
source nitrogen load of 900 tons per year (+/-DBB/Myr) (Figure 5). This estimate
corresponds well with the most recent field measerd of the non-point source load
(835 tons/yr) (PREP, 2013). The breakdown of n#rogon-point sources from the
model of delivered loads to the estuary is:

» Atmospheric Deposition — 33% (280 +/-40 tons/yQut-of-state sources account
for 62% of this source.

* Human Waste — 27% (240 +/-30 tons/yr) — This Icaékclusively from septic
systems because loads from wastewater treatmelitidacvere not considered in
this study. (The nitrogen load to the estuary fi@astewater treatment facilities
was 390 tons/yr in 2009-2011 (PREP, 2013)."The @oeabeontribution of
nitrogen from human waste is 240 + 3905 0r'630/or)s

* Chemical Fertilizer — 27% (230 +/-30t0ns/yr) — lreesaand agricultural areas
each contributed 48% of this load. ,Recreationddi$ievere responsible for 4%.

* Animal Waste - 13% (110 +/-10 tons/yr) = Livest@counted for 80% of this
load. Only a small fraction of the load was front paste.

Overall, 78% of the nitrogen added'to the watersbéast before it reaches the estuary
(Figure 6). The model predicts that 862 of the 8,®ns of nitrogen applied to the land
surface or discharged to a septic system wereatelivio the estuary. Measurements of
nitrogen inputs and outputs for watersheds'in thdysarea have shown similar levels of
nitrogen retention. Daley et al. (2010) reporteat sub-basins of the Lamprey River
watershed typically had nitrogen retention rategdfo 91%. The largest retention rates
in the model are for natural vegetation and foré%186). The smallest retention rates are
for runoff from connectedhimpervious, surfaces (13Werefore, nitrogen retention in a
watershed«generally decreases as development sesrea

The model predicts that stormwater delivers 26%hefnon-point source nitrogen to the
estuary(Figure 7). Stormwater is a transport paghfer nitrogen applied to lawns,
agricultural lands, and urban lands. Urban storramatnoff, runoff from agricultural
lands, and runoff from lawns each account for agpmately one-third of the nitrogen in
stormwater.

As a way to identify potential “hot spot” areasg tfield of non-point source nitrogen
from each small HUC12 watershed was calculated.yldid is the number of pounds of
non-point source nitrogen delivered from the sulevgited to the estuary divided by the
area of the subwatershed. A map of the waterstaedidg to the Great Bay Estuary is
shown in Figure 8. The yield of non-point sourdeogen from each subwatershed is
color coded on the map. For the entire Piscat&pgaon study area, the top twenty
percent of subwatersheds had delivered non-pourtsgyields between 3.6 and 4.8
Ib/aclyr. In the Great Bay Estuary watershed,ghegre 8 HUC12 subwatersheds with
yields in this highest category.

* Lower Cocheco River (HUC# 010600030608)
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» Great Brook-Exeter River (HUC# 010600030805)
* Squamscott River (HUC# 010600030806)
*  Winnicut River (HUC# 010600030901)
* Opyster River (HUC# 010600030902)
» Great Bay (HUC# 010600030904)
» Portsmouth Harbor (HUC# 010600031001)
* Berrys Brook-Rye Harbor (HUC# 010600031002)

The NLM was used to estimate delivered non-pointe® nitrogen loads from each of
the eight major watersheds draining to the GregtBsuary, each of the 40
subwatersheds in the region, and each of the 6astawthe région."in general, the
patterns of nitrogen in non-point sources werelainaicross the different watersheds.
Figure 9 and Figure 10 show comparisons betweem#jer watersheds and the whole
Great Bay Estuary. Atmospheric deposition, chenfedlizers, and,human waste were
the major sources in all the watersheds. The n@m-pource nitrogenyield for the major
watersheds ranged from approximately 2 to4.2 lpfawhich brackets the average non-
point source yield of 2.6 Ib/ac/yr. The pereenth@ non-peint source load delivered by
stormwater was within a narrow range of 22 to 3é¥dlie major watersheds. Detailed
tables and figures showing the NLM output resutsglach of the subwatersheds and
towns in the Piscataqua Region are,provided ini&@edt of this report. These results
may be useful for towns or watershed greups farftizing nitrogen reduction efforts or
as a starting point for more detailed studies @f-point sources.

The nitrogen yield from.temperate zone ecosystenmrth America prior to human
disturbance has been estimated to be 0.7-1 Ib/&€dR€, 2000 at 122, Howarth, 2008).
For the Great Bay/Estuary watershed, this pre-dgwveent’ nitrogen load would amount
to 227 to 315 tons/yr. In contrast, the total ggo load from the watershed from both
non-point sources and wastewatertreatment faslittas 1,225 tons/yr in 2009-2011
(PREP, 2013). Therefore, nitrogen loads to the (Bag Estuary are currently 4 to 5
times above pre-development levels. Another corsparcan be made with the nitrogen
loads'from the Hubbard Brook Expérimental Foredtianth Woodstock, NH. Nitrogen
yields of 1:2 Ib/ac/yr from this forest (Bernaladt, 2012) reflect current atmospheric
deposition‘rates but not human development ontbwengl because the watershed is
pristine. For theixGreat Bay Estuary watershedehllyf 1.2 Ib/ac/yr would amount to
nitrogen load of'408 tons/yr. Current loads arari@$ higher. These estimates of
‘background’ or ‘natural’ nitrogen loads are approate. The exact amount of nitrogen
currently delivered/to the estuary from naturalgaesses is unknown given that the
nitrogen cycle in the Piscataqua Region is now dateid by human sources. However,
these comparisons provide useful reference paintsrfderstanding current nitrogen
loads compared to what they might have been ip#se or with no development in the
watershed.
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In summary, the NLM output for the watershed drragnio the Great Bay Estuary
summarized in Figure 5 through Figure 8 providefulsnformation on the non-point
sources of nitrogen to the estuary. It is now cteat human waste from both septic
systems and wastewater treatment facilities acedonts1% of the total nitrogen load to
the estuary. The second biggest source, atmosplegpasition, is largely due to out-of-
state sources but is declining due to improved gomis controls. Chemical fertilizer is
the third biggest source. Fertilizer use on reaveal fields and golf courses is a small
contributor compared to use on lawns and agricaillands. Animal waste is the
smallest source. The predicted load from animateviswithin the error of the model,
especially for pet waste. Finally, the non-poiniree nitrogen yield was not constant
across the whole watershed. Lands closer to ta@myscontributed.more nitrogen per
unit area than lands farther away because of therdgopulations and denser
development.



Figure 5: Outputs of Non-Point Source Nitrogen by 8urce Type and Land Use Type for the Great Bay Estry Watershed
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Atmospheric Deposition - TN (lb/yr)
Agriculture 37,041 7%
Connected Impervious Area 85201 15%
Disconnected Impervious Area 37371 %
Estuaries 65,255 12%
Lakes & Rivers 82844 13%
Managed Turf 2098 04%
Natural Vegetation 236,885 42%
Residential Lawns 16434 1%
Total = 563,219

Chemical Fertilizer - TIN (Ib/yr)

Apgriculture 225394 48%

Managed Turf 20,338 4%

Residential Lawns 223,175 48%
Total = 468,907
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Figure 6: Inputs and Outputs of Non-Point Source Nrogen by Source Type for the Great Bay

Estuary Watershed
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Figure 7: Outputs of Non-Point Source Nitrogen Deliered Through Stormwater for the Great Bay Estuary Watershed

Non-Point Source Nitrogen Delivered to Estuary
Total Load through Stormwater for the Great Bay Estuary Watershed

— -
Stormwater Delivered Load - TN (Ib/yr)
Agricultural Runoff — 433 of Stormwater - 1132 of all Pathways
Animal ‘W aste 75,335, 33
Agriculture Armospheric Deposition 20442 112
Chemical Fetilizer 37851 514
Sub-Total = 133,688
Residential Lawn Bunoff - 2452 of Stormwater — 652 of all Pathw ays
Stormwater Animal 'Waste 2536 2
447 577 Flezidential Lawns Atmospheric Deposition 070 &
26%% Chemical Fertilizer 36,686 B3
Sub-Total = 108,493
A gricultural Runoff
- Urban Bunoff - 323 of Stormw ater - 82 of all Pathways
Arimal ‘W aste 23122 1B
Connected Impervious Area
Atmospheric Deposition 85,231 53x
Arimal ‘W aste B.371  dx
Disconnected Impervious Area
Other Atmospheric Deposition 200624 14
1 :277:5 67 Managed Turt Armospheric Deposition 1158 14
749 Chemical Fenilizer 8830 B
Sub-Total = 145,396
Stormw ater Total = 447 577
Total of all Pathways = 1.725.144

Total Nitrogen Delivered= 1,725,144 Ib/yr
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Figure 8: Non-Point Source Nitrogen Yield (pounds dlivered per acre per year) for HUC12 Subwatersheds
Draining to the Great Bay Estuary
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Figure 9: Percent of Non-Point Source Nitrogen Loadrom the Four Non-Point Sources in Each of
the Major Watersheds Draining to the Great Bay Estuay
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